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(54) MULTI-CARRIER TRANSMISSION SYSTEM AND MULTI-CARRIER MODULATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase number of chips in the case of 
adopting an orthogonal frequency division multiplex OFDM/code division 
multiple access CDMA modulation system in a transmission line where 
frequency selective fading is in existence, enhance spread gain as a 
result, and increase a multiplex number even in the case of CDMA 

multiplexing. A j 



SOLUTION: This multi-carrier transmission system adopting the OFDM/ 
CDMA modulation system, is provided with a serial/parallel S/P 
conversion section 4, that arranges a spread signal of a transmission 
data series two- dimensionaily and regularly arranges the spread signal 
group of the transmission data series that are arranged two- 
dimensionally. Then a transmitter transmits a transmission signal 
generated by the S/P conversion section 4 in the unit of time base and 




a receiver demodulates a received signal to obtain the transmission data 

series. 
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KiJl^T, O FDM/CDMAXBttSSSffl 
*tLT. *S«t=PJW*I^J±S*-S^t*«T#, CDMA 

©ttttffi^*. H*IW*±*«fcWIBItt±lc2Jfc7EWlC 
SESU £<=>fc. 2#7cWKI2g£nfclo©ii{a^- 

* *?ij©itttfii^»*aflij wKE«-r * s / p 4 

2H3«W*. S/Pg«»4K:Tfefc3ftfc2l« 
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tttttt 
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D/A 
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A/D 
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[13 



FFT 



P/S 
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(2) 




m&mi] OFDM/CDMA^i^S^iffitS 

nfc-^M«^-^^j©tefSc«^£^KijWfcE» 

W&EBfcfrx.T. Wf2 2^7cW^K«$tifc— POii 

lUfcEflrr s z t-r-sit jfcjs 1 \zvzmwji,?- 

it«*«tt5BI*Jfi 1 {CfE«<Ov;^+^ >J Tfcxk 

izi$v2>mmitm$:, &m.^mAzmcxmM^mh-r 

z> z ii * If SiiT^if jfcjg l ~ 4 © v.i-rn^— 3fcE* 
[f**3S6] OFDM/CDMAll^5:Sfflt5 

±t2jfc7cWKEBL, ^ HffsB2^7C«jfcEB^ 

nfc -o ©j^ft 5 s - 9 %n<f>mm^m- &mm \z mm 

EKIUttfciMfcjfrAT, MB2 3fc7c«K:E1t<*nfc— 

^siiji-est-s c: <t s» witT&m&m 6 taa«©v 

[M*«8] MiEffim«^M^#AX^y-l?tt, bU 
E*»IWfcE«K:a»*.T, mffB 2 <fc7cfl9»::E«3ftfc— 

T^&liJfcEBT* C t*»*fr*W*« 6 KE«© 
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^^n^oFDum^x^mnzm^ 
xz> z h&&m£-?z>m$im 6 \z%z®,oy?)i^*^ u t 

[g»*is i o ] mumtim^m^wxxj-y 
nj^i-r s n t ^wij t-r -stt^js 6 ~ 9 ©^-rn^— . 

[^©fftfflfrlfcE] 

..-[.0 0-0 1] _.. - - 



A&jtzs-Tj ¥9 jiMLm.z/X7-^zmmznT^z>-?)i< 
^**>)T&m->x^i±\zm-rz>>b<D~?$>r)^ mz, v 

JlttvVTfKmn— IT^SOFDM (Orthogonal F 
requency Division Multiplexing : ifi32^^^5>f!l# 
M) /CDMA (Code Division Multiple Access : 

[0 0 0 2] 

[fi:*©i$fl5] OT. ^5fecDv;^+^UT-gjt->X^ 

AcouTKists. ifi¥. &mw-mm&£.u^-< z?9 
)mmm<nftm-?> wm^TZ&mmz&gt&fzexD 
Ti?9)mmtt^&Mtt&&m2nT\,*2>. £©=k 

t. mvfTiE'ft^t<Dmm\zj:r>m$z&ym-: 
m*m*>nz> z <t, a-**-^* u r©Mi£§&iWRS£^»c 

lt*^>0 F DM/C DMAli^^iffit^T;^ 
[0 0 0 3] OFDM/CDMA^i*SH b 

[0 0 0 4] E6I1 OFDM/CDMA^iS^(C*3 

o . sfc* 2 a.— y c»-rs««e^**^fiifkanT2i 

K&tt-SitfS-?— ^^JD 1 m*5 J:^D 2 mte, KiS;^ 
^Cln (nlill) fi«t«tiB9»C2n (nttS 

^t'J7»fc. IfifffCl 1, CI 2, •-, CI 
8, *3«tt«E««F#C 2 1, C2 2, ---C 2 8 lCTj£«5t 




[0 0 0 5] £©<£ 5 U 7¥ffiT*t«XWI, 

ofcuaBTSBans. jMwat^5t, jq&gc8&& 

7i-/> ifcD&WZ O *j -J © S / N Jt jWS 

[0 0 0 6] . 
Se*©T;^^rr U TteMv-X^AfCiSliTteU 

ofcttis-psman*. ^©iem, cmtc2nt© 

[0 0 0 7] Sfe, t£*©v;U^*^U7eM->X^A 
fc*HTtt, HJMfc»Rtt7x— S^>^©lMi*aHt!6c 

ft 9, C DM A#it^«-&t: fc^-0#it 5 

WUiftXTttftSftH, t^^rajB* 1 *^^. 
[0 0 0 8] ±aBK«*T&*nfct>©T* 

&»T, OFDM/CDMAfH*S$Sibfc«^IC, 

f5/^»S*<i5Ii*"if«tU 

LT, J6«fiJS*|Sj_h3fii:S;:tA*T#. CDMAM 

<b»ci5^T ; b#«^^Jiip$-(±«. ^ J: -5 ftv 

[0 0 0 9] 

[«HSr*ft-r*fc©©¥®] ±5£LfcHUB*#fcU 
eitv'X^AlC&oTte. OFDM/CDMAfl^ 

*«fl!U $e.fc. 3i«7*-:?#?iJ©*£*flre&. 
««i±4s«kzmra«iJifc2^7EWti2BU, ££>lc, ffi 
E2jfc7ctt»cE«Sn&-o©jSI«5 i -^*5!l©a:«!M 

s*«g©®iB©si««, s/paaft«4icffia) 
fc3^«**i$i«MiWMreas«u sew. ^nm^> 
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[ooio] ^(Ds^cinit st:««©«^*. &t& 

>^©JMP£4#©lfc*flffiTa££j^flB£ftS. £ 

Digin^-frSc: t*«T*-& J: -5 left 0 , 6£iSt?iJf#£r 
*#<mS£<ha*nnig<hft-5. (WIB#(C. C DM 

[001 1 ] t?.^©.^ic*^s v;!/-^*^ u Teil-> — - 

KUttftEBK^AT. mff2 2 JfcTEMKgEBSnfc— o© 

JUJKS2BT& ^h&<&miiT2>. 

[0 0 12] ^©^Bj(Cctn«. S£«!rt£©«^£> 
«^M^#^.#©frT, JS«»ttLkK2 3=-.y 

7«J«2-*6BfiU «?|ffltt±Ki4 5 1 y^*iBBL, ^ 
W-8^y^©4fc«ffi#»**J«L. S&K. 

*{c=t0^m^^W)L, SUSx^ h;i^-s£t~ft 

[0013] "3*©«wt^*»*vju^+ u yesis" 

MiJWftlBBlc^AT, Bftie2^7cWfciHB$n^:— o© 

MIiJfciEB-r * £ £ £4#l§!t it^ 
[0 0 14] ^©^^icititl t£*«©«^*, ffitfc 

7«J8#£ffifiU BtlHWllLtfc^^y^SIBfiU -gr 
8 :?©&««#» ££>K. &t£Sfc«^ 

»j81Rtt7x-y>^©^»*S^*«'&T?t>. ^©J£ 
* * *HR $ it S C <h ^ bI(S6 t * 5 . 

[0 0 15] t3^©f!BJ{c*^-5v;|/^^v UTeiH-> 
X^A^ViT, HflS2M 
liJW^IEBtc^AT. MIB2^7cW(cSBB$n^— -s>© 

[0 0 16] ^©%BJ(Cctn«. &«!c«©«^^, ffiftit 
ll^tAfgCT, fctAH 2^-y^«{;-0© 

7 p <hLT4^;U-7 , '(C^L. ^©&^;u— 
OFDMflfrtT-f u— y^tf -5J;ptcffig-r 
dti»:«tD. H«8»a*?it7x-5?>^©«?»&« 




[0 0 17] o^©^Bjtc^-5v;^+-v'J7eM-> 
[0018] ^co^B^tr«fcn«, estKtRffiiofcUfco 

[0 0 1 9] o*©»«K**5v;Pf 'J-7S1H* 
j£{C&oT«, OFDM/CDMAfHM5ifflT5 

[0020] E©jwiK:j:n«, it* 

EBL, &tt8^y7©*HRfl»»*£ljfr*. 

^>^©*#£4#© i tcwm-r-s^t^Bf^i^-s. 

S**<«t<&Jl£a«l>re&fcfcS. CD 

[0 0 2 1] OtfCDSMHfcjfafrSv;!^** U T^H^ 

SUllttttEBCftiiLT. WE 2 Jfc7c»fcEH*nfc— o 

«I!llcE«-r-S^tS«r«tTS. 
[0 0 2 2] ^©^BJfCctntt*, t£««®«^*. t£ESt 

9-v7mm»*BMU BtP B Wft-h(c4^^^^EB 
U £tr8^y?©ffi««*B££j£U £5>JC. 

««^»*«HHMft±-e^sauicE«"r*. ^ntc j; o . 

[0 0 2 3] ^€<D5£W\ZfrfrZ>^)V?-***)T&.ffi}5 
«fliJW£E«K:a>*-T. WIB2 *7C«HcEBSn3t-' o 
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[0 0 2 4] d©5fiWK«tntf. Stftfc 

«m^w*H»»«i±-e^«flijtE«-rs. cntcct 

[0 0 2 5] of®5Silci>^2»7;pf^t 'J 7S£liS;£ 

Sit^iW. 

[0 0 2 6] £©#69iK:J:n«. tttt 
IfKfxXr-yT'Kt, fc£:;L«, 23-yJmz— 

F DMfg^rtTM U — ^*fr"5 «t 5 fcEB 

[0 0 2 7] ^>*©5BWlC*^*'7;i^++ OT&MJj 
BstCiJ^T, WSISftflf t^Xf y ^TH mffB 

2 ^TcwtcEe l^sm-^©, «jft*tt±*irmra 
[0028] ^©^Bj{cj;n«, eaasttiBfcrtjtJfco 

FDM/CDMAfitSliRWtSfil/, €iH 
SStfSSKjS DT, »»RM±*«fctfR#IBMttJtfc»I K>mx 

So 

[0 0 2 9] 

•V U TejU^X^AiSi^iS^rffifCOliTWlISS©^ 

[0030] mm<DWMi. mi it. OFDM/CDM 

bsht&So mi (a) mmmmoMf&z™ 
-rfe©Tabo. (b) sm««©«^**-rt>©T 

^©'>ft< ifc-77©^fg^«ASc 

[0 0 3 1] 01 (a) tcfeV^T. lfi^lWx-^tE 
«tgBT*0, 2«m2©5^-^S£Ma5T$)D, 3tt£-fi£ 
gBT"a5 0, 4H">|J7^//17WI' (S/P) 
$>0. 5(JI FFT (Inverse Fast Fourier transfor 
m) T* 0 , 6 K-f >^-/\*;U (G I ) «Jn«T 

*0. 7«T : -<->*37;i./T^-P^ (D/A) IHfcgBT* 
•5„ ^Ac. 01 (b) iZ^X, 10tt7tD^/f-f 
(A/D) X»fiBTf*D. 1 1«#— K-f>^— 




/VI (GI) Rfc^gB"^ D . 12HFFT (FastFourie 
r transform) T°$><0. 1 3tt/15 (P 
/S) ^&S5T&D, 1 4tt7 f -*aMS»aBT»«. 
[0 0 3 2] J£TF, ±sB3im^*3ct^S«^©Kif^iCO 

D 1 mte, 3? 1 ©^-^ffiifcgB 1 k:TH»Olt»RWC 

1 nictoitiftsft, m=l— tf-^iDmmT—? 

ffimW^C 1 n tC 2 n tttfiXLTHSfcOtTS. 
[0 0 3 3] ^J5Ka3©W*fll^tt, y'J7Jl//A7l/ 

ft, ^Mft®/t?WMt#(2. IF FT G!*iS5]l7-U 

KSBftSft*. ^lt, i$mtt8^S*iK0A*icl£. 
g i ttim«6 i:x^- K-r >*-A*;k&stfin<*ft, o f 

DMOTtftS. r-{^*fflOFDM«*)« 
D/AaaHB7KT7^nif«#K3HftSft. 

*tLTM«$ft^>„ eta. ^©jtm«^©^t^. of 

DM/CDMAflfW^. #— P-f>^- nJU 

«4stf--5;fc«e>©W3£;£fts*>©T, ofdm£»M3#k: 
fc^xte, as, ^ffl^ft^fecoT^So 

[0 0 3 4] O^tC, JhfflOFDM/ CDMA§^^§ 
W-lRofcS««Ttt, -?-©S««^*A/D3£«i«l 0 
5^;m^cg»u G I GfcSSBl 1 KT#- 

K-r >^-/t;i/tptefe-r*.- *i/r, tf-K-r >*-/\* 

JMfcS«©«*tt» F F T 1 2 }CT«^7- U XgSjffl 

g$ft, «fi«iiifi» K^si-r*. *® 

». FFT12^60lH*fflfH P/S«9lffil3fc 
T->'JTJMB^KS»Sft, x-^3^K»g|5l 4tCjMfB 
$ft-5o 

[0035] izltlvs., mm+a^-^oawxti&Hfi 

IffiClnmi^ ->U7;i^3lf£©«^«, =f- 
zmtm&X 4frx, a-if-HWoltjIMJfC 1 nt 
SSMteft, Sff 7-^^JD 1 mi UTHiSnS d i 

k«c*. jifticstL-c, HttcsftsnaiMRttrec 2 

mTffifRSftfcx-^^^mtt, JSttflF^C 1 nt 
C 2 n£©it3£14t::cJ;DI&S£ftS Sfc. 
Wfi*W^SHT*»BR©l«tt. OFDMfi^©^ 
_ ji^ /t;nc-cl»*aftTV»*. 
[0 0 3 6] -hf2, -VJ^+Y'JTejiMvX^A©^ 
£:J3HT, OFDM/CDMAfl^ll fctx. 

tf, 06:fc«fctfig7»::*T«fc3&»S;T. M«Wl±© 

g 7t— sot*— ^*ao»»*Ti!tflrr*. 

L, eta. £©+r:/3rr 'J7»C*tt-6|g— 
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[0 0 3 7] ^HICflWVj^tUTl 
fWffifc^Ttt. OFDM/CDMA«*f©£j£«ig 

OOFDM/CDMAfi^©fJC^t. £ftte, jtft 

x-^*?iJ©tS««^*««»:«i±*«t^NfW«i±fc 2 
#7cW{'l2SLfct>©T£D< H+o^dMMW-ooD 
x-^«^J^^To tt£.t>*>. H6K3K-r8ffl©-tf^* 
*U7tH- ©5 s — ^*«l3Et* *. fc*. 04>©*«8SI5 

**«IiJWteE«a.ftt:*D, S-ffiffc^yT'ttC 1 n*$J: 
tfC 2 n CT«ll«hft*MfflW*Ift (Cll/C 
21, C12/C22, •••) 

[0 0 3 8] #g&K©JBffiTtt. m 1 ©7-*tt«fgB 1 
* iOtJB 2 ©^-^JJIKgG 2 ICTffi«Stf£©m^£, S / 
P£tt»4lCT, £i*.tf, MftKM±£2^y7J4JQ 

©«fc3&*&«&fT5££l;:J;D, «E*©J;5tc, ijittK: 
8 5f y 7 ©4MMS^£HSftttl± KBEfi L <h Jttfc 
LT, ««SrjB#?tt7x-S?>^©«»*4^©lK«i 
ffiTSdta^Jfigtfc*. -T^ft-fe, U 7ft* 

8f@£Lfc*-&, 83^7 (lx-^m^lJ) ©5 

*> © 1 7 «> 7*** 7i-y> ^©U# Sr 

stts^Tfc. #afe&s©^ai-m, 4x-^^jtc- 

[0 0 3 9] ^fttcJ;D, S/N (Signal to Noise Ra 
tio) Jt*JBfe»3ftSdt^6, S«f^^t*<t 

<m2>z.£&~i>imttzz>. sfc, PBttc. cdmam 

So 

[0 0 4 0] *SS©^2. H3«, mM<DMm2<DO 
FDM/CDMAft^©^S«r*-ro 7^*5, V^^-v 
U 7£iyXfAfflKi:^^TIi, 5fetcg^a^ LfcS 1 

[0 0 4 1] fet^tf, HWffiltd ffifiStft^^ 

L&rt*<=>, u^tit |W|-x— ^^HittLTSIfllSft-S 

[0 0 4 2] ^-^T', *I©)gffi2TB. H 1 ©x— ^ 
1 *5«fct/m 2 ©^-^ffitfcgP 2 KTlfcttfft©«# 

s/p«»«4»cT. fct^.tf, mmkm±.\z2j- 




W»©E«*I^IBI«l-hT->7h-r*21tt«tO. OFD 
M/CDMAfifSfeJt«. 

[0043] zniz^K). m—^—^timm znz&o 
[0044] mm<Dmm3. ena. zmom&zvo 

FDM/CDMAfi^©M5*t„ VJl^^-v 
UTea^X^AOl&JsfcK^Ta. JfcfclWIIiLfcHl 

[0045] fctAd iioiiiTft ismm^^ 

««»ttJW3 «fctfl5lffl«l±K: 2 ^7cWfcE«Ufcffl«» 
Utt]8*&, CUTS:, SS»ai{tt7x-5?>y0»l 

hi 1 (c^asssmwF^c 1 1 tcTtetitsnfem^oD 
■z>i*\z.Kw*ftft*mn*>wim*c 1 1 tcTSsm^n 

fc«^CD?iJ t V i 3 £ t C ft 0 . t 1 - 5> ©SH 0 K« 0 tfif& 
[0 0 4 6] nM<DMm3T°te. I10f-^ 

y^i^^Eii, n#ra«iJiir4^yy^*iegL, 

^©EBSfflaaMrt-kT?^ OF 
DM/CDMAl^54it^. 
[0 0 4 7] ^niC^D. H8SlRit7i-y>^0 

[0 0 4 8] mM<DMU4. 125(1, HlffiCD^Ii4CDO 
FDM/CDMAWffl)gS^t. V^^-v 

[0 0 4 9] tl®ll4t(t ilfe^Cil^tt^x-^ 

n«» =t 3 »c«»»«i±*«t t^flH]«±»clfi«^y X£E 
ILfcW^LTfe^ fit 1 O^-ftHm^ 

1 *«fc^»2 <Z)5 i -^l£*a52 fCT46««®«#*, S 

[0 0 5 0] LT, SftiTtt, CICO^^JU — ~f%\Z 
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[0 0 5 1] R_h, *^SfiO»Jit*tiTtt. J3&£tiH 

sms 7 x — 5? > ^ k «t •& jkir?- * zfe>mtim&$$£zm 

avb&fcu. sfc, mmmcommssmiz^x. -<> 

[0052] 5 . *njfio»fiBTtt, nm?) 

mm 1 ~4 t^tts s/p&mmivimm&T^Tffi 
a., *<o«f*»6. eiESttiios^fco f dm/cdm 
AmmtmiRmzmm-rz. 2*>\z. &smmKj&v 

_ Xwffl«»ttJh*«k^Wr(ffllttl±fc»(.O.SX.Sffi«[^ 7-7'. 

[0053] ^njcto. ^nm<Dmmiz^xit. & 

\zmm LfcT^TOO F DM/C DMAft^^rHSX 
[0 0 5 4] 

ill il^W-hl'2^7^MW»^Sa«L, ££KR# 

»*£rirr«». cntcio, a^ctst;:. swks^ 

^T#s=fc 3 fc^c 0 . &m\m&*L& <mz>z. tm-cg 
L^oM&m-tZo rastfc, cdma# 

[0 0 5 5] r>€f©fg^K«tn«. Jt«ftOfifS. J£ 

v-fmmft&ffimL. nmm±.\zA^-j-^^mm.v. 
^miz^o^mmmmv. mm^^z h)i&—fe\z 

[0 0 5 6] O^CDlBfllcitlH *£ttf*©ra^<£» ffi 



[0057] -ogomm&mz. #m©w§£. & 

^OFDMi^T-f >?—0 -7*'tro& o t'iBST 

[0058] off®5swi3«tntf, esusttnt^ufc 
asifcftwtt? x - v > ^einsso^s^stt seats® 

[0 0 5 9] ^^©^fCctn«, ss««o«^*, s 

\z&v), u$t<D&o\z. mmzs*v-f<Dmtimf%*m 

y «fc 0 if in£-tt£ £ J: 3 \z1z D . 

-rs. 

[0 0 6 0] t3ffOfg^K:«kntf. *t««©«^*. j£ 

[oo6i] -zi^(Dm\\z&n\z. tm.&<z>m^&* u. 
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its. 

[0062] ^fcDiajicinn i«£©ffi^£, & 

— 0<D^)V-7iLVX4^)V—7\ZftmV, ^(D&tf)l 
-Zt*0 F D Mffi^ftTM >^ - U *ff 5 =t 5 t'SB 

[0 0 6 3] t?«f©»Wt:«fcntf. eSIBS«!B»cjtBDfc 
OFDM/CDMAfS^jg^fatCMffiU 3<=>{C. -fzl 

[0iB©fS*^^W] 

[01] OFDM/CDMAti^^SffltS^ 
[02] M1&<DMf&l ICM^OFDM/CDMAM 
[0 3] nffi<DMWi2 CM^OFDM/CDMAfl 
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